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FLEXIBLE CIRCUIT WITH COVER LAYER 



FIELD OF THE INVENTION 

The present disclosure relates to flexible circuits, and amongst other things to 
5 improved cover layers for flexible circuits. 



BACKGROUND OF THE INVENTION 

A flexible circuit typically includes a substrate having one or more electrical 
conductors, circuits and/or printed circuit boards bonded thereto. The substrate is 
typically a roll of thick polymer film adapted for processing on reel-to-reel equipment. 
10 The reel-to-reel production method provides a cost effective manufacturing means. 

To protect the electrical conductors from corrosion, shorting and other 
environmental factors, a first cover layer is adhered to the surface of the substrate (e.g., 
top surface) and the one or more electrical conductors. The first cover layer typically has 
a shrinkage coefficient that is greater than the substrate. Thus, upon cooling after the first 
15 cover layer is cured, the first cover layer curls the substrate/electrical conductor/cover 
layer sandwich structure. Hence, a second cover layer is, typically, adhered to the other 
surface of the substrate (e.g., bottom surface). The second cover layer provides an 
offsetting shrinkage coefficient such that the cover layer/substrate/electrical 
conductor/cover layer sandwich structure remains substantially flat. 
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The edges of the cover layer, which are in a state of tension due to the difference 
in shrinkage coefficients of the cover layers and the substrate, are stress concentrators. 
The stressed state of the cover layers can result in de-bonding during repetitive flexing of 
the flexible circuit. If the cover layers separate from the substrate, the electrical 
5 conductors become exposed subjecting them to corrosion, electrical shorting and the like. 
Furthermore, debonding may not directly expose the encapsulated part of the flexible 
circuit. Instead, debonding may deleteriously create a bubble or pocket which can act as 
a collection site for condensed water or solvent that diffuses through the encapsulating 
cover layer and can cause the exposure problems mentioned above. Additionally, the 
10 edges of the cover layer along the substrate act as capillary wicking paths that cause 
fluids to migrate along the edges of the cover layer. Such wicking is responsible for 
deleterious effect such as, for example but not limited to, corrosion and electrical shorting 
in systems such as inkjet printers where the flexible circuit is utilized to attach the inkjet 
print head to a printed circuit board. 
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SUMMARY OF THE INVENTION 

Embodiments of the present invention produce a flexible circuit at least partially 
encapsulated by a cover layer. The cover layer encapsulated flexible circuit provides 
increased protection against environmental factors such as de-bonding, wicking, 
corrosion, electrical shorting and the like. 

In one embodiment of the present invention, the cover layer encapsulated flexible 
circuit includes a substrate having one or more openings. One or more electrical 
conductors are bonded to the top surface of the substrate. A first cover layer is bonded to 
the top surface of the substrate and to the electrical conductors. A second cover layer is 
bonded to the bottom surface of the substrate and to the first cover layer through the 
openings. 

In another embodiment of the present invention, the method of fabricating a 
laminate encapsulated flexible circuit includes bonding one or more electrical conductors 
to the top surface of a substrate. One or more openings are formed in the substrate. A 
first cover layer is bonded to the top surface of the substrate, and a second cover layer is 
bonded to the bottom surface of the substrate and to the first cover layer through said 
openings. 



200310509-1 



BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention is illustrated by way of example and not by way of 
limitation, in the figures of the accompanying drawings and in which like reference 
numerals refer to similar elements and in which: 

5 Figures 1A-1B show a diagram of a flexible circuit with cover layers, in 

accordance with an embodiment of the invention. 

Figure 2 shows a flow diagram of method of producing a flexible circuit with 
cover layers, in accordance with an embodiment of the invention. 

Figures 3A-3B show a diagram of a flexible circuit with cover layers, in 
10 accordance with an embodiment of the invention. 

Figures 4A-4C show a diagram of a flexible circuit with cover layers, in 
accordance with an embodiment of the invention. 

Prior Art Figures 5A-5C shows a diagram of flexible circuit, in accordance with 
the prior art. 

15 Figure 6 shows a block diagram of an exemplary flexible circuit assembly, in 

accordance with one embodiment of the invention. 
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DETAILED DESCRIPTION OF THE INVENTION 

Reference will now be made in detail to the embodiments of the invention, 
examples of which are illustrated in the accompanying drawings. While the invention 
will be described in conjunction with these embodiments, it will be understood that they 
5 are not intended to limit the invention to these embodiments. On the contrary, the 

invention is intended to cover alternatives, modifications and equivalents, which may be 
included within the scope of the invention as defined by the appended claims. 
Furthermore, in the following detailed description of the present invention, numerous 
specific details are set forth in order to provide a thorough understanding of the present 
10 invention. However, it is understood that the present invention may be practiced without 
these specific details. In other instances, well-known methods, procedures, components, 
and circuits have not been described in detail as not to unnecessarily obscure aspects of 
the present invention. 

Referring now to Figures 1A-1B, a diagram of a flexible circuit with cover layers, 
15 in accordance with one embodiment of the invention, is shown. Figure IB is a sectional 
view of Figure 1A along section line A-A. As depicted in Figures 1A-1B, the flexible 
circuit includes a substrate 110 and one or more electrical conductor-conductors 130 
(e.g., traces or interconnects) bonded to the substrate 110. In one embodiment the 
electrical conductors 130 are bonded to a first surface (e.g., top or bottom surface) of the 
20 substrate 110. In another embodiment (not shown), a first portion of the traces are 

bonded to the first surface of the substrate and a second portion (e.g., bottom surface) of 
the traces are bonded to a second surface of the substrate. 
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The substrate has one or more openings 120 formed therein. The flexible circuit 
further includes a first cover layer 140 bonded to the first surface of the substrate 1 10. A 
second cover layer 150 is bonded to the second surface of the substrate 110. The first and 
second cover layers 140, 150 are bonded to each other through the openings 120 in the 
5 substrate 1 10. The first and second cover layer 140, 150 may be chemically resistant 
polymers for use in ink, or other corrosive fluid, containing environments. 

The first and second cover layers 140, 150 form a partial encapsulation of the 
areas where they bond to each other through the openings 120. The partial encapsulation 
is adapted to reduce de-bonding of the substrate 110, first cover layer 140 and/or second 
10 cover layer 150 from each other. The partial encapsulation is also adapted to interrupt the 
wicking path formed by the edges of the cover layers 140, 150 bonded to the substrate 
110. 

Thus, the substrate 1 10 and the one or more electrical conductors 130 are at least 
partially encapsulated by the first and second cover layers 140, 150 in the region where 
15 the first and second cover layers 140, 150 are bonded to each other. Accordingly, the 

\ 

openings 120, though which the first and second cover layers 140, 150 are bonded to each 
other, may be located in an environmentally stressed region of the flexible circuit. 
Environmentally stressed regions may include areas of repetitive flexing, areas that 
regularly come in contact with contaminants and/or the like. The shape, size, location 
20 and number of openings 120 are variables that may be changed to reduce de-bonding, 

wicking and/or the like for a particular application in which the flexible circuit is utilized. 
That is, openings 120 may be tailored in size and/or location to ensure that the first and 
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second cover layers, 140 and 150, are bonded to each other to accomplish specific results. 
As an example, if it is desired to prevent wicking near the bottom of the flexible circuit, 
then openings 120 may be located near the bottom of the flexible circuit to ensure that the 
first and second cover layers, 140 and 150, are bonded to each other at that particular 
5 region near the bottom of the flexible circuit. 

In one embodiment, the substrate 1 10 is composed of a polymer, such as 
polyimide or the like. The electrical conductors 130 are composed of a metallic 
conductor, such as copper (Cu) or gold (Au) plated copper or the like. The electrical 
conductors 130 are bonded to the substrate 1 10 by contact bonds, thermal bonds, 
10 chemical bonds, adhesive bonds or the like. The first and second cover layers 140, 150 
are composed of a polymer. The first and second cover layers 140, 150 are bonded to the 
substrate 1 10 by contact bonds, thermal bonds, chemical bonds, adhesive bonds or the 
like. The first cover layer 140 is bonded to the electrical conductors 130 by contact 
bonds, thermal bonds, chemical bonds, adhesive bonds or the like. 

15 Referring now to Figure 2, a flow diagram of method of producing a flexible 

circuit with cover layers, in accordance with one embodiment of the invention, is shown. 
As depicted in Figure 2, the method of producing flexible circuit with cover layers 
includes bonding one or more electrical conductors 130 to a first surface (e.g., top 
surface) of a substrate 1 10, at 210. The electrical conductors may be formed by any well- 

20 known additive or subtractive process. In the additive process a seed layer 
is deposited as a patterned thin film and the metal layers are electroplated 
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on it. In the subtractive process copper foil is laminated to the substrate and chemical 
etching with photopatterning is used to define the traces. In one embodiment, a metal 
film of copper is deposited (e.g., sputtered) on a polyimide substrate 1 10, such as 
KAPTON by Dupont of Circleville Ohio. The metal film is then patterned to form the 
5 one or more electrical conductors 130 by a photoengraving process. The photoengraving 
process includes the well-known in the art processes of photolithography and selective 
etching. The patterned metal film is then electroplated to obtain the weight of copper 
useful for electrical conductors 130. In another embodiment, a metal foil of copper is 
laminated to the KAPTON substrate 110. The metal foil is patterned to form the one or 
10 more electrical conductors 130 by any well-known in the art photoengraving process. 



At 220, an opening 120 is formed in the substrate 110. In one embodiment, the 
opening 120 is cut from the substrate by any well-known in the art masked laser cutting 
process, scanning laser cutting process, punching the substrate or etching the substrate. 

15 In one embodiment, the opening 120 is located in an environmentally stressed region of 
the flexible circuit. Environmentally stressed regions may include areas of repetitive 
flexing, areas that regularly come in contact withcontaminants and or the like, when the 
flexible circuit is used in an intended assembly. The shape, size, location and number of 
openings 120 are variables that may be changed to reduce de-bonding, wi eking and/or the 

20 like for a particular application in which the flexible circuit is utilized. 

At 230, a first cover layer 140 is bonded to the first surface of the substrate 1 10. 
In one embodiment, a first film, which is used to form first cover layer 140, of polymer is 
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brought in contact with the top surface of the substrate 110 and the traces 130. The first 
film may be a chemically resistant polymer when the flexible circuit is to be utilized in an 
environment where inks or other chemicals are present. The first film is cured by any 
well-known in the art thermal and/or ultraviolet light exposure process. The first film 
5 may also be patterned by any well-known in the art photoengraving process. 

At 240 a second cover layer 150 is bonded to a second surface (e.g., bottom 
surface) of the substrate 1 10 and to the first cover layer 140 through the opening 120. In 
one embodiment, a second film, which is used to form second cover layer 150, of 
polymer is brought in contact with the bottom surface of the substrate 110. The second 

10 film is cured by any well-known in the art thermal and/or ultraviolet light exposure 
process. The second film also bonds (e.g., thermally during curing) to the first film 
through the opening in the substrate. The second film may also be patterned by any well- 
known in the art photoengraving process. The second film may be a chemically resistant 
polymer when the flexible circuit is to be utilized in an environment where inks or other 

15 chemicals are present. 

It is appreciated that curing the first and second films may be performed at the 
same time by a single curing process. Curing the first and second films at the same time 
after they have been bonded together forms a interface therebetween that provides greater 
adhesion than when one is cured before the other. It is also appreciated that the first and 
20 second films may be patterned at the same time by a single patterning process. The first 
and second cover layer protect the electrical conductors. The first and second cover 
layers also serve the function of balancing the buckling and/or curling due to thermal 
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expansion mismatch between the substrate and the first and second cover layers. As a 
result, by bonding the first and second cover layers to each other, the present 
embodiments decrease the likelihood of buckling and/or curling of either of the first or 
the second cover layer. 

Accordingly, the method produces a cover layer-electrical conductor-substrate- 
cover layer sandwiched structure. The electrical conductor-substrate portion comprises 
the flexible circuit. The cover layers 140, 150 cover, and partially encapsulate portions 
of, the flexible circuit in the region proximate the openings 120 in the substrate 1 10 
through which the two cover layers 140, 150 bond to each other. The partial 
encapsulation may be adapted to increase protection from environmental factors that 
cause de-bonding, de-lamination, wicking, corrosion, shorting and the like. 

Referring now to Figures 3A-3B, a diagram of a flexible circuit with cover layers, 
in accordance with one embodiment of the invention, is shown. Figure 3B is a sectional 
view of Figure 3 A along section line A-A. As depicted in Figures 3A-3B, the flexible 
circuit is formed on a substrate 310. In one embodiment, the substrate 3 10 is a roll of 
polyimide film (e.g., Dupont's KAPTON) having a plurality of sprocket type openings 
315 therein. The roll having sprocket type openings is adapted for processing the 
polyimide film on reel-to-reel equipment. 

One or more electrical conductors 320 (e.g., traces) are formed on a first surface 
(e.g., top surface) of the substrate 310. In one embodiment, a copper (Cu) layer is 
deposited (e.g., sputtering) on the top surface of the polyimide film. Optionally, a gold 
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(Au) layer is deposited on the copper layer. The copper or copper and gold layers are 
then patterned, utilizing any well-known in the art photoengraving process, to form one 
or more traces 320 for each flexible circuit 305, 306. In one embodiment, a first end of 
each trace 320 includes a contact pad 321. The contact pad 321 is adapted for electrical 
5 connection (e.g., soldering) to a printed circuit board (not shown). A second end of the 
trace 320 includes a beam contact 324. The beam contact 324 lines each beam opening 
322 and/or encircles each beam opening 322. The beam openings 322 and contacts 324 
are adapted for electrical connecting (e.g., tape automated bonding) the traces 320 to an 
integrated circuit (e.g., inkjet print head - not shown). 

10 One or more openings 325, 326 are formed in the substrate 310. In one 

embodiment, the openings 325, 326 are cut by any well-known in the art masked laser 
cutting or scanning laser cutting process, punching the substrate or etching the substrate. 
In one embodiment, the openings 325, 326 may be cut at the time of cutting other 
openings, such as the beam openings 322. The shape, size, location and/or number of 

15 openings 325, 326 are variables that may be changed to reduce de-bonding, wicking 
and/or the like for a particular application in which the flexible circuit is utilized. The 
shape, size, location and/or number of openings for example may be selected to provide 
the maximum area of encapsulation along the sides of the flexible circuit. The shape, size, 
location and/or number of openings for example may be selected to minimize the number 

20 of sharp angles along the sides of the flexible circuits. The shape, size, location and/or 
number of openings for example may be selected to minimize sagging, buckling and/or 
the like of the roll of substrate when processing on the reel-to-reel equipment. 
Additionally, embodiments of the present invention are also well suited to use with 
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flexible circuits having integrated circuits (ICs) 336 and/or other active or passive 
components coupled thereto. Furthermore, embodiments of the present invention are also 
well suited to use with flexible circuits having integrated circuits (ICs) 336 and/or other 
active or passive components located on either the top and/or the bottom surface of the 
flexible circuit. 

A first cover layer 330 is bonded to the first surface of the substrate 310. In one 
embodiment, a first film, of ink-resistant polymer, is brought in contact with the top 
surface of the substrate 310. The first film is cured by any well-known in the art thermal 
and/or ultraviolet light exposure process. The first film is patterned, utilizing any well- 
known in the art photoengraving process, to form the first cover layer 330 for each 
flexible circuit 305, 306. 

A second cover layer 335 is bonded to a second surface (e.g., bottom surface) of 
the substrate 310 and the first cover layer 330 through the openings 325, 326. In one 
embodiment, a second film, of ink-resistant polymer, is brought in contact with the 
bottom surface of the substrate 310. The second film bonds to the first film through the 
openings 325, 326. The second film is cured by any well-known in the art thermal and/or 
ultraviolet light exposure process. The second film is patterned, utilizing any well-known 
in the art photoengraving process, to form the second cover layer 335 for each flexible 
circuit 305, 306. 

The first and second cover layer 330, 335 protect the electrical conductors 320. 
The first and second cover layers 330, 335 also serve the function of balancing the 
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buckling and/or curling due to thermal expansion mismatch between the substrate 310 
and the first and second cover layers 330, 335. 

Each flexible circuit 305, 306 formed on the substrate 310 is singulated. In one 
embodiment, each flexible circuit 305, 306 is singulated by any well-known in the art 
5 masked laser or scanning laser cutting process. If the first and second cover layers 330, 
335 extend beyond the openings 325, 326 (not shown), the cut line is made in the 
substrate 310 just outside the first and second cover layers 330, 335, and in the first and 
second cover layers 330, 335 within the openings 325, 326. If the first and second cover 
layers 330, 335 are patterned such that they only partially extend into the openings 325, 
10 326, the cut line 340 is made within the substrate 310 just outside the first and second 
cover layers 330, 335, and through the openings 325, 326 just outside the patterned first 
and second cover layers 330, 335. The cuts are not made within the cover layer-substrate- 
cover layer sandwich region. 

Thus, the substrate 310 and the one or more electrical conductors 320 are at least 
15 partially encapsulated by the first and second cover layer 330, 335. Accordingly a first 
opening 325 may be located in a wicking susceptible area (e.g., an area where a 
substantial amount of ink from the inkjet print head comes in contact with the flexible 
circuit). Alternatively or in addition, a second opening 326 may be located in a de- 
bonding susceptible area (e.g., an area where the flexible circuit is repetitively flexed). 

20 In various embodiments of the present invention, total encapsulation cannot be 

achieved, because, for example, the flexible circuits need to remain attached to the roll of 

13 

! 

j 



200310509-1 

substrate during reel-to-reel processing (e.g., tape automated bonding of the print head to 
the flexible circuit). Furthermore, total encapsulation is not possible, in various 
embodiments, because the flexible circuit ultimately needs to be connected to the 
printhead. However, the un-encapsulated regions can be located under an existing end 
5 encapsulant (e.g., encapsulant applied to an exposed portion of the substrate 310 and 
electrical conductors 320 and overlapping an adjacent portion of the cover layers 330, 
335 after a print head is attached to the flexible circuit 305), or further away from a 
potentially aggressive environment. 

Referring now to Figures 4A-4C, a diagram of a flexible circuit with cover layers, 
10 in accordance with one embodiment of the invention, is shown. Figure 4A is a top view, 
Figure 4B is a side view, and Figure 4C is an end view of the flexible circuit. As 
depicted in Figures 4A-4C, the cover layer encapsulated flexible circuit is formed on a 
substrate 410. One or more electrical conductors 420 are formed on a first surface of the 
substrate 410. A first cover layer 430 is bonded to the first surface of the substrate 410. 
15 A second cover layer 440 is bonded to a second surface of the substrate 410. The first 
and second cover layers 430, 440 are also bonded to themselves, as shown by regions 
460, 465 thereby at least partially encapsulating the substrate 410 and the electrical 
conductors 420. The one or more regions of encapsulation 460, 465 interrupt the wicking 
path formed along the side of the cover layer encapsulated flexible circuit. The one or 
20 more regions of partial encapsulation 460, 465 also reduce de-bonding of the substrate 
410, electrical conductors 420, first cover layer 430 and/or second cover layer 440 from 
each other. 
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For comparison purposes, a prior art flexible circuit is shown in Figures 5 A-5C. 
The first cover layer 535 is bonded to the substrate 515 and the electrical conductors 525. 
The second cover layer 545 is bonded to the substrate. However, the first and second 
cover layers 535, 545 are not bonded to each other. Therefore, the substrate 515 and the 
5 electrical conductors 520 are not encapsulated therein. The exposed edge of the substrate 
provides a wicking path that runs the entire length of the flexible circuit. The first and 
second cover layers 535, 545 also easily de-bond from the substrate and/or electrical 
conductors because of the weak bond between the cover layer 535, 545 and the substrate 
515 and/or electrical conductors 525. 

10 Referring now to Figure 6, a block diagram of an exemplary flexible circuit 

assembly, in accordance with one embodiment of the invention, is shown. As depicted in 
Figure 6, the exemplary assembly includes a flexible circuit 610 having a printed circuit 
board 615 attached at a first end and a print head 620 attached at a second end. The 
printed circuit 610 includes a substrate 625, a first and second cover layer 630, one or 

15 more electrical conductors 635. The first and second cover layers 630 are bonded to 
themselves along one or more encapsulation regions 650, 655 thereby at least partially 
encapsulating the substrate 625 and the electrical conductors 635. The one or more 
regions of partial encapsulation 650, 655 interrupt the wicking path formed along the 
edges of the cover layers 630 substrate 625 interface. The one or more regions of 

20 encapsulation 650, 655 also reduce de-bonding of the substrate 625, electrical conductors 
635, and/or cover layers 630 from each other. 
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Optionally, one or more end encapsulations 640, 645 may be included in the 
assembly. The end encapsulation 640, 645 cover a portion of the printed circuit board 
615 and or print head 620, the exposed portions of electrical conductors 635, and a 
portion of a first and second cover layers 630 adjacent the first and second ends of the 
5 flexible circuit 610. If end encapsulation 640, 645 is utilized, the wicking paths formed 
along the sides and ends of the flexible circuit 610 is further interrupted. The end 
encapsulation 640, 645 is also utilized to reduce de-bonding of the substrate 625, 
electrical conductors 635 and/or cover layers 630 from each other. 

The foregoing descriptions of specific embodiments of the present invention have 
10 been presented for purposes of illustration and description. They are not intended to be 
exhaustive or to limit the invention to the precise forms disclosed, and many 
modifications and variations are possible in light of the above teaching. The 
embodiments were chosen and described in order to best explain the principles of the 
invention and its practical application, to thereby enable others skilled in the art to best 
15 utilize the invention and various embodiments with various modifications as are suited to 
the particular use contemplated. It is intended that the scope of the invention be defined 
by the Claims appended hereto and their equivalents. 
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